UNCLASSIFIED 
AD  NUMBER 


AD008142 

CLASSIFICATION  CHANGES 

TO: 

unclassified 

FROM: 

secret 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release,  distribution 
unlimited 


FROM: 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Foreign 
Government  Information;  NOV  1952.  Other 
requests  shall  be  referred  to  British 
Embassy,  3100  Massachusetts  Avenue,  NW, 
Washington,  DC  20008. 

AUTHORITY 

DSTL,  AVIA  6/23497,  12  Feb  2009;  DSTL, 
AVIA  6/23497,  12  Feb  2009 


THIS  PAGE  IS  UNCLASSIFIED 


TECH.  NOTE 
>AER0.2211 
CL, 

o 

C-3 

ijLj 


TECH.  NOTE 
AER0.2211 


>1 , ' 


FARN  BO  RO  U G H,.  • HANTS' 

i ■ 


TECHNICAL  NOTE  Nc>:  AEROi2211 


LOW  SPEED  TUNNEL  TESTS  WITH 
JET  FLOW  REPRESENTED  ON  A 
I /5th  SCALE  MODEL  OF  A 
TWIN  JET  FIGHTER  WITH  AN 
UNSWEPT  WING  AND  V-TAILPLANE 

(SUPERMARINE  N9/47) 


CQ^lKTOB.SfflP  flSCKBAflb.LC. 

YH!8  INFORMATION  IS  DISCLOSED  QKI&rJKW!* 
OFFICIAL  USE  BY  THE-  RECIPIENT  GOVERf&gENT. 
AND  SUCH  OF  ITS  CONTRACTORS,  UNDER  SE&U0F 
SECRECY;  AS  MAY  BE  ECCAGID  ON  A DEFENCE 
PROJECT.  DISCLOSURE  TO  ANY  OTHER  GOVERN- 
MENT OR  RELEASE  TO  THE  PRESS  OR  IN  ANY 
OTHER  WAY  WOULD  BE  A BREACH  OF  THESE 
CONDITiwAS. 

THE  INFORMATION  SHOULD  BE  SAFEGUARDED 
UNDER  RULES  DESIGNED  TO  GIVE  THE  SAME 
STANDARD  OF  SECURITY  AS  THAT  MAINTAINED 
BY  HIS  MAJESTY’S  GOVERNMENT  IN  YHS 
UNITED  KINGDOM.  ^ * 

j |. MINISTRY 


0 F 


P , l . Y , 


THIS  DOCUMENT  IS' THE  PROPERTY  OF  H.M.  GOVERNMENT  AND 
ATTENTION  IS  CALLED  TO  THE  PENALTIES  ATTACHING  TO 
ANY  INFRINGEMENT  OF  THE  OFFICIAL  SECRETS  ACT,  I9IM.939.  > . 

It  Is  Intended  for  the  use  of  the  recipient  only.and  for  communication  to  such  officers  _ 
under  him  as  may  require  to  be  acquainted  with  Its  contents  In  the  course  of  their 
duties.  The  officers  exercising  this  power  of  communication  are  responsible  that 
such  Information  Is  imparted  with  due  caution  and  reserve.  Any  person  other  than 
the  authorised  holder,  upon  obtaining  possession  of  this  document,  by  finding  or 
otherwise, should  forward  It,  together  with  his  name  and  address,  In  a dosed  envelope 
to:- 

THE  SECRETARY,  MINISTRY ‘OF  SUPPLY.  MILLBANK,  LONDON.  S.W.I. 

Letter  postage  need  not  be  prepafd,  other  postage  wlll.be  refunded,  All-  persons  are 
hereby  warned,  that  the  Unauthorised  retention  or  destruction  of  this  document  Is  an 
offence  against  the  Official  Secrets  Ac* 


S3M-4-7(>o 


U.D.C.  No.  533.652.1.041.3(42)  Supemarine  N9/47: 533 .695.75: 

533 . 69 • 048. 2: 533 . 6 , 01 3 .41  ^41 5 = 533 .6.013  «1 3/l  52 

Technical  Note  No.  Aero  2211 

November,  1952 


ROYAL  AIRCRAFT  ESTABLISHMENT,  FARNBOROUgi 


Low  speed  tunnel  tests  with  jet  flow  represented  on  a 
l/5th  scale  model  of  a twin  jet  fighter  with  an 
unswept  wing  and  V-tailplane  (Supermarine  N 9/47) 

by 

D.  A.  Kirby,  B.  Sc.,  A.C.G.I.,  D.I.C. 

R.  A.E.  • Ref:  Aero  W/S  195  2/R 


SUMMARY 


Low  speed  tunnel  tests  have  been  made  on  the  Supermarine  N 9/47 
to  check  the  effects  of  the  jet  flow  on  the  longitudinal  stability  and 
to  test  the  V-tailplane.  Measurements  of  the  velocity  distribution 
behind  the  exit  have  been  made  to  check,  the  effectiveness  of  the  jet  exit 
fillet  in  keeping  the  jet  flow  clear  of  the  rear  fuselage. 

, Estimation  of  the  reduction  in  static  stability  margin  using  the 
results  of  previous  work  (Meteor  and  Vampire)  gave  fair  agreement  with 
the  measured  reduction.  Modifications  to  the  jet  exit  fillet  were  tested 
and  found  to  increase  its  effectiveness. 
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1 Introduction 

The  present  method''  of  estimating  the  effect  of  a jet  on  the  static 
longitudinal  stability  of  an  aircraft  depends  to  a large  extent  on  tests 
made  on  two  models  (Meteor  and  Vampire).  The  two  engines  of  the  N 9/47 
are  in  the  body,  and  the  exits  near  the  side  of  the  body  aft  of  the  wing 
trailing  edge;;  the  jet  axis  at  the  exit  is  downwards  and  outwards  rela-- 
tive  to  the  body  Centre  line  (Figs.1  and.  2).  This  layout  is  very  differerrt 
from  the  previous  arrangements,  so.  that  tests  on  the  N 9/47  were  desirable 
to  check  the  jet  effects  on  stability  and  also  to  check  the  design  of  exit 
fillets  required  to  prevent  the  jet  "sticking"  to  the  rear  fuselage. 

2 Model  Details 

A l/jtta  scale  model  of  the  aircraft  was  used  for  the  tests.  The 
duct  centre  line,  and  the  area  and  flow  direction  at  the  entries  and  the 
exits  were  represented  correctlyj  the  centre  part  of  the  duct  was  dis- 
torted  so  that  internal  fans  could  be  fitted.  No  boundary  layer  bypass 
was  represented;  Sawyer  motors  were  used  to  drive  four  fans,  two  in  each 
duct,  to  provide  a cold  jet.  Pitot  combs  were  fitted  at  the  exits  to 
measure  the  flow  and  internal  thrust. 


No  ailerons  or  elevators  were  cut,  but  the  tail  setting  could  be 
adjusted.’  Transition  wires  were  fitted  to  the  fuselage  behind  the  intakes 
and  over  the  Cabin.  Pull  details  of  the  model  are  given  in  Table  I,  a 
general  arrangement  drawing  in  Pig.1  and  a drawing  of  the  original  and 
modified  jet  exit  fillets  in  Pigs. 2 and  3*  The  exit  fillets  are  discussed 
• in  Section  4*1  * 

3  Details  of  Tests 

The  tests  were  made-  in  the  No.1  11-g-  ft  x 8-g  ft  tunnel  at  the  RiikE. 
during  the  period  March-July  1951*  Wind  speeds  of  80  and  120  ft/sec  were 
used,  giving  Reynolds  numbers  of  0.82  and  1.23  x 10®  based  on  the  standard 
mean  Chord  of  the  wing. 

The  technique  of  representing  the  flow  in  a jet  engine  by  model 
fans  using  cold  air  is  discussed  in  Ref.1. 

Tests  were  made  as  follows 


(a)  A static  test  showed  that  the  modified  jet  exit  fillet  (first 
modification)  deflected  the  jet  from  the  side  of  the  fuselage  better  than 
the  original  design;  and  this  modified  fillet  was  used  for  the  stability- 
tests. 

(b)  The  flow  distribution  behind  the  exit  was  measured  at  = 1.75, 

including  the  effect  of  sideslip. 


(c)  Measurements  of  Ct  , Op  and  were  made  with  the  fans  windmilling 


exit 


= 0,9 


and  with  ^exit 
Vn 


2.25  and  3»4*  It  was  necessary  to 

■<>./•  V0 

reduce  the.  tunnel  speed  from  120  ft/ sec  to  80  ft/ sec  to  obtain 
Zgxit  3 3.4. 


(d)  Measurements  of  On,.  Cy  and  were  made  with  the  fans  windmilling 
and  of  Cn  and  Gy  with  = 2.25. 

V r~ 
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(e)  The  second  modification  to  the  jet  exit  fillet  was  made,  on  one  side 
of  the  model.  The  effect  on  the  flow  behind  the  exit  was  obtained  but  no 
, stability,  measurements,  were -.made..'' ’ iv  ....  . 

The  coefficients  -with;  f ansVwindrailling  have  been  corrected , to ' zer  o% 

'■fthrusd.'cbhditions  before  presentation  in  this  report.  ' 

, ’’’  !•  V Vov  ■/  . 

4."  ' Results  .and  ..Discussion  ■ . 

4-1 ' ' Velocity  distribution  behind  the  jet  exit  - tests  with  various  jet 

exit  filleth.... 


For  the  N -9/4-7  a jet  exit  fillet.-. is  required  to  prevent  -over-hot 
air  "sticking'1  to,  tije  rear  .-fuselage.;  .The- original1  jet  exit-  fillet  was  a ' 
concave  projection  from  the  body,  but’  as. it  did.. not  follow  a-  cylinder  with 
tbe  ■ jet  centre  line  as  axis., .it  seemed  likely  that'  over-hbt  air  might  hot 
.be" kept  sufficiently  clear  of  the  body.  . " . • ’ ■ •"  •-  - 

Hot  air  was  not  obtainable  for -the  tunnel  test,- so  velocity 
traverses  behind  the  fillet  (pig. 2)  have  been  niade  to  assess  the  efficiency 
of  the  fillet  in  controlling  the  jet  flow.  Since  the’ exit  is  ne-air  the  wing 
wake  it  is  not  easy  to  interpret  the  velocity  measuremerits  in  terms  of  fbeat. 
For  the  static  case  (zero  tunnel  speed)  3506  of  the -maximum  jet  velocity1  tvas 
obtained  at  .the  side  of  the  fuselage  with  , the  original  fillet-  (Pig.-if)*'  ' _ 

■ Two  modifications  to  the  jet  exit  fillet  were  therefore  tried- ’(Pigs’. 

2 and  3).,  For  the  first  of  these  the  general  size  of  the  fillet  was 
unaltered,  but  it  formed  part  of  a cylinder  giving  the  jet  direction,  f- 
though  it  was  not  symmetrical  about  a generator.  This  fillet  diverged 
more  from,  the  body  direction,  than’  the • original,  and'  sharper  edges  ‘were 
provide, d :;.t.o>  help  the  flow-  break  clear  of  the  body-.  The  second  modification 
was. designed  to  assist  the.  glow  of  cold,  air  between  the  body,  and  jet;-  ' i6Mb 
'channel  between  the  jet  exit  and  body  was  deepened,-  the  fillet  made  'shorter 
and  symmetrical  about  a cylinder  generator,  and  the  fillet  was  supported  on 
a slightly  undercut  fairing.  , 

The  effect  of  either  modified  fillet  was  to  reduce  the  velocity  at 
the  side  of  the  fuselage  from  35$  to  5$  of’  the  maximum  jet  velocity.  The 
results  are  shown  in  Pigs. 4-  and  5* 

. ..  Following  -the.  static  , test'  various  flow  fee  asurements  were ' made  ’’"with’-;  _ 
wind-  on,,  - suggesting  that  an  improvement-  mi girt  be  obtained  in  this  case 
also.’  AL1  the  results  are  not  given  since  their  quantitative  interpretation 
in  terms  of  heat  is  not  possible  because  of  the  wake  of  the  wing  and  engine 
housing.  j/TJie  tw.o  distributions  shown,  -in  Fig.  6 demonstrate  the  superiority 
‘■of  "the  second  modification  in  keeping  the  „ hitler  .Velocities  away  from' -the’ 
body.  . .. 

4-2  ' '’lionfei't'udihal  -stability  ’ , _ 

i-  • ■ *’  • ’ ’ '«,  * 

' 4-421  Jet  effects  on  lift  and  pitching  -mbment  , ,,  . 

The  jet  flow  causes  changes  in  lift  and  pitching  moment; because  yt;-> ■_ 
there  is:- 


....  j.  (.1,)  , A ’ttoust  lift  , and. .moment.  ;; 

(2)  a change  of  downwash  at' the  bailplfere- 
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(3)  a lift,  and  pitching  .moment  due  to  the  change  of  direction  of 
the  Jet  on  entering  the  duct  and  to  the  further  change  of  direction 
inside  the  duct. 

(4)  an  interference  between  the  jet  and  the  body  near  the  exit. 

Calculations  for  (l),  '(2)  and  (j)  can  be  made  as  follows:- 

(D  is  calculated  by  considering  the  thrust  as  the  change  of  momentum 
which  occurs  between  the  ffee  stream  and  the  exit  (see  Appendix  and 
Table  Vi), 


(2)  is  calculated  by  Squire1  >2*  Since  the  N 9/47  has  a V-tailplane  the 
Jet  effect  on  the  downwash  angle  is  calculated  at  several  spanwise 
stations  and  an  integration  made  across  the  span.  In  finding  the  effect 

on  pitching  moment  the  measured  value  of  -^2“  = 0.O4  has  been  used. 

dflT 


For  (3)  Squire  has  shewn,  that  the  change  of  direction  of  the  air  entering 
the  duct  gives  rise  to  a lift  acting  in  the  plane  of  the  entry  which  is 
proportional  to  the  mass  flow  and  the  sine  of  the  angle,  between  the  jet 
axis  and  the  stream  direction.  With  an  entry  at  the  side  of  a body  the 
local  stream  direction  is  inclined  to  the  free  stream  direction  because 
of  the  upwash  due  to  the  wing  and  body  field.  At  the  N 9/47  entry  position 
one  chord  ahead  of  the  wing,  the  upwash  due  to  the  wing  alone  would  be 
small,  of  the  order  of  10/  of  the  wing  incidence.  Because  the  effect  of  the 
body  on  this  value  is  uncertain  no  allowance  has  been  made  for  upwash  when 
’using  Squire  's  formula.  For  the  N 9/47  the  calculated  lift  in  the  plane 


of  the  entry  is  therefore  0.0281  sin  «D,  where  aD  is  the  incidence 

V0 

of  the  duct  centre  line  at  the  entry  to  the  free  stream  direction.  There 
is  a further  lift  of  0.00082  ( ] due  to  the  bend  in  the  duct.  The 

V v0  J 

full  details  of  the  calculations  are  given  in  the  Appendix. 


In  comparing  the  calculated  values  of  the  various  jet  effects  with 
the  experimental,'  (2)  can  be  studied  directly  by  considering  the  model 
results  with  and  without  tailplane  for  various  jet  flows.  (3)  and  (4) 

. can  only  be  obtained  together  from  the  experiment.  In  Tables  VII  and  VIII 
the  measured  jet  effects  on  lift  and  pitching  moment  are  given  relative 

to  the  lift  and  pitching  moment  obtained  with  zero  thrust  = 1^. 

All  the  calculations  have  been  made  using  this  exit  flow  as  a datun. 

Considering  first  the  model  without  tailplane,  the  measured  Jet 
effect  on  pitching  moment  (thrust  moment  removed)  is  plotted  in  Figs. 9 and 
11.  The  estimated  valpe  for  (3)  above  is  given  and  is  lower  than  the 
measured  value  of  (3)  and  (4)  together,  suggesting  that  interference  of 
the  jets  on  the  body  near  the  exits  is  appreciable.  The  overall  lift 
change  due  to  the  jet  flow  is  mainly  the  lift  component  of  the  thrust 
(Table  Vi).  The  remainder  is  nearly  zero  whereas  the  calculated  value  of 
(3).  would  be  a small  positive  lift  (Fig.13)>  so  that  the  interference  near 
the  exits  is  a negative  lift.  This,  is  consistent  as  regards  direction 
with  the  pitching  moment  mentioned  above  and  at  low  incidence  a position 
near  the  Jet  exits  is  given  for  this  negative  lift.  Hie  result  is  not 
affected  by  the  omission  of  ..an  upwash  angle  from  the  calculations,  but 
with  the  present  .model  the  doubt  about  the  upwash  angle  prevents  any 
further  analysis  at  higher  incidences. 
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The  jet  effect  on  tte  tailplane  depends  on  the  exit  -momentum  so 
the  pitching  moments  have  been  plotted  in  Fig.  12  as 


A(1n  . . 

Yexlt  /V'exit  A 
V°  ^ V°  ’ ) 

against  the  wing  incidence.  The  estimated  values  agree  reasonably. 
if.22:  Application  to  full  scale  conditions 

Table  II  gives  the-  model  exit  velocity  ratios  for  the  mass  flow 
and  exit  momentum  corresponding  to  maximum  steady  thrust  at  sea  level 
and  40,000  ft.  The  range  of  exit  momentum  used  in  the  model  tests  is 
inadequate  to  cover  sea  level  flight  above  a lift  coefficient  of  0.4 
(a  = 6°),  but  will  cover  flight  at  40,000  ft  up  to.  a lift  coefficient 

of  0.6  ( a = 8°).  At  the  test  Reynolds  number  the  wing  stalls  at  lift 

coefficients  just  greater  than  0.6  (Fig, 8). 

2he  results  have  been  used  to  deduce  the  flight  pitching  moments 
for  a range  of  lift  coefficient  at  sea  level  and  40,000  ft  by:- 

(i)  removing  the  thrust  components  of  lift  and  pitching  moment 
from  the  measured  values  for  the  mcdel  without  tailplane. 

(ii)  finding  the  lift  and  pitching  moment  applicable  to  the  exit 
velocity  for  correct  mass  flow. 

(iii)  adding  to  (ii)  the  thrust  components  as  deduced  from  the 
correct  exit  momentum. 

(iv)  adding  to  (iii)  the  tailplane  contribution  applicable  to 
the  correct  exit  momentum. 


In  using  the  correct  mass  flow  and  In  determining  the  correct 
thrust  lift  the  incidences  corresponding  to  the  final  trimmed  lift 
coefficients  -with  thrust  are  used.  The  results  are  expressed  relative 


to  pitching  moments  when 


'exit 


= 1 .0;  allowance  has  been  made  for 


the  change  in  datum  between  the  incidence  corresponding  to  a trimmed  lift 
coefficient  with  - - = 1,0  and  the  incidence  corresponding  to  the 


same  with  thrust. 


Table  IX  shows  the  various  components  of  the  jet  effect  and  the 
overall  effect  on  pitching  moment  is  plotted  in  Fig.14«  This  figure 
shows  the  following  changes  in  stability  margin:- 
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Reduction  of.  static  stability  margin  caused  by  .let  flow 
Maximum  steady  thrust  with  a C. G.  position  at  0.199c 


Trimmed 

cL 



Sea  level 

40,000  ft 

Prom 

Experiment 

„ ■ 
Prom 

Estimate 

Prom 

Experiment 

Prom 

Estimate 

0.1 

0.053c 

0.052c 

0.010c 

0.015c 

0.2 

0.057c 

0.056c 

O.OI55 

0.0215 

0.3 

0.0665 

0.059c 

0.0255 

0.0275 

0.4 

0.077c 

0.0615 

0.033c 

0.033c 

0-5 

0.0415 

0.036c 

0.6 

0.048c 

0.036c 

4*3  Lateral  and  directional  stability 


The  effect  of  sideslip  on  the  flow  into  the  ducts  and  the  jet 
interference  with  the  body  at  t.he 'exit  cannot  be  calculated  but  Pigs. 15 
and  17  show  that  varying  the  flow  gives  only  small  changes  in  the  yawing 
moment  and  sideforce.  The  tests  were  nearly  all  made  with  the  first 
modified  fillet.  Tables  X and  XI  show  that  replacing  the  original  by 
the  first  modified  fillet  gave  little  change  in  Cn  and  Cy. 

The  model  measurements  have  been  analysed  to  find  the  effects  of 
the  jets  on  directional  stability  by  adding  the  V-tailplane  contribution 
at  the  correct  exit  momentum  to  the  coefficient  without  tailplane  at  the  ' - 
correct  mass  flow.  This  gives  nv  for  the  complete  model  as 


a° 

Trimmed 

°L 

vexit 

V°  

n\ 

* 

Correct 
Mass  flow 

Correct  exit 
momentum 

Correct 

conditions 

With  zero 
thrust 

Sea  Level 

! 

2.05 

0.11 

1.03 

2.06 

0.051 

0.041 

40.000  ft 

2.05 

0.11 

1.01 

1.37 

O.O46 

0.041 

7.6 

0.535 

1.19 

2.46 

0.076 

0.057  ! 

No  measurements  were  made  of  the  lateral  stability  with  thrust. 
The  contribution  of  the  V-tailplane  to  •6V*  was 


a° 

Trimmed  Cp, 

Measured 

Estimated 

2.05 

7.6 

0.11  • 
0.535 

-0.060  ! 

-0.048 

-0.063 
! -0.052 

Ref .3  was  used  for  the  estimate. 

"Values  of  2s.  and  2*’  at  0 = 2^°  have  been  used  for  n^  and  V 
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5 Conclusions  , 

(1 ) The  modifications  to  the  Jet  exit  fillet  increased  its 
effectiveness  in  keeping  the  Jet  flow  clear  of  the  rear  fuselage . 

(2)  The  estimates  of  the  bverall  effect  of  the  Jets  on  the 
longitudinal  stability  are  in  flair  agreement  with  the  measured 
values. 

The  analysis  of  the  jet  effects  without  tailplane  showed  a 
discrepancy  between  the  experimental  results  and  an  estimate  which  was 
made  neglecting  the  interference  between  the  Jet  and  fuselage.  Most  of 
this  discrepancy  was  found  to  he  consistent  with  a downward  force  acting 
in  the  region  of  the  duct  exits;  The  estimate  of  the  effect  of  the  Jet 
flow  on  the  tailplane  agreed  reasonably  with  the  experimental  results. 
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APPENDIX 

Assumptions  made  in  estimating  the  .jet  effects  without  tailplane 

When  the  duot  centre  line  at  the  intake  is  at  an  incidence  to  the 
free  stream  the  change  in  flow  direction  of  the  air  entering  the  duot 
produces  forces  N^  and  F-j  acting  on  the  duct.  (N-i  is  assumed  to  act 
in  the  plane  of  the  entry) . 


For  the  N 9/A7  a second  chhnge  in  direction  occurs  at  the  kink  in 
the  duct  giving  forces  N2  and  Fg.  The  duct  also  carries  the  forces 
T-]  and  T2  arising  from  changes  of  momentum  in  the  two  parts  of  the 
duct.  These  six  forces  represent  the  overall  forces  on  the  duct.  They 
can  he  evaluated  by  considering  the  changes  of  momentum  at  the  intake, 
at  the  kink  and  in  the  ducts.  For  example:-  at  the  intake 


Nl  = & V0  sin  «p 

F-)  = G ( y 1 -V0  cos  “p) 


where  G 

V0 

V1 

aD 


is  the  mass  flow 
is  the  stream  velocity 
is  the  entry  velocity 

is  the  angle  of  the  duct  centre  line  to  the  free  stream. 


A very  close  approximation  to  this  system  of  forces  is  obtained  by 
considering  only  N^ , Ng  and  a thrust  acting  along  the  duct  centre  line 
at  the  exit.  This  approximation  has  been  used  in  estimating  the  jet 
effects  without  tailplane  and  in  calculating  thrust  lifts  and  moments. 


For  the  N 9/V7  geometry 


(i) 


^PV2S 


= 0. 0281 


vexit 


sin  ftp  • 


(ii) 


N „ 


i? v% 


= 0.00082 


(v^)2 


, . . Thrust 
(iii>  p- 

kpT-  s 


= 0, 0279 


Vexit  /Vexit  _ 
V, 


»o  ' Vq 
ii  - 
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The  corresponding  moments  are 


(i)  due  to  N| 


o.  0388 


Vexit 

V° 


sin  Kp 


(ii)  due  to  Ng 


0.00026 


(jjj)  due  to  thrust 


0.0191 


Vexit  /Vexit 
V0  VVo 


The  estimates  have  all- been 
/VeXit 


ratio  for  zero  thrust. 


made  relative 


to  the  exit  velocity 


X- 


<8*- 
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TABLE  I 


MODEL  DATA 

Model  Scale  = 1/5  Pull  Scale 


WING 


Area  (projected) 
Span 

Mean  chord 
Aspeot  ratio 


S 

b 


A 


S 

b 


13.37  sq  ft 
8; 19  ft 

1.63  ft 


334.25  sq  ft 
40.95  ft 

. 8.15  ft 


5.01 


Section  (H.S.A.VII;  N.P.L.No. 3.10)  Symmetrical  9$  thick  at  38$  chord 
Hoot  Chord  (chord  at  wing  and  2.05  ft  10.25  ft 

fuselage  intersection) 

Tip  chord  (obtained  by  producing  L.E.  1.00  ft  5*00  ft 

and  T.E.  to  extreme  tip) 

Sweepback  40$  chord  line  is  at-  rt.  angles  to  the  fuselage  g 

Dihedral  3_ 

Wing/fuselage  angle  • 2 

Taper  ratio  (centre  line  chord/tip  chord)  2.33 


TAILPLANE 


Area  (projected) 
Span 

Mean  chord 


Sip 


Cp  = 


fr 

bp 


4. 08  sq  ft 
3.44  ft 

1.19  ft 


102. 1 sq  ft 
17.20  ft 

5.95  ft 


Ap 


2.89 


Aspect  ratio 
Section 

Height  of  g of  tailplane  above 
fuselage  datum 

Arm  (Firms  C.G.  position  to  mean 
X chord  point  of  tail) 

- Sp£p 

Volume  coefficient  v = - ga- 

Sweepback  60$  chord  line,  is  at  rt.  angles  to  the  fuselage  g 


Symmetrical  8$  thick  at  37$  chord 
0.15  ft  0.83  ft 

dp  4.39  ft  21.95  ft 

0.822 


Dihedral 

Taper  ratio  (centre  line  chord/tip  chord) 


35 

2.00 


DUCTS 


Entry  area  (per  side) 

Area  at  kink  (per  side) 

Exit  area  (per  side) 

Distance  of  entry  ahead  of  C.G. 

Distance  of  kink  aft  of  C.G”. 

Distance  of  exit  aft  of  C.G. 

Perpendicular  distance  from  C.G.  of 

(i)  Centre  line  of  forward  part  of 
duct 

(ii)  Centre  line  of  rear  part  of 
duct  (taken  as  thrust  line) 


0.1192  sq  ft 

2.98  sq  ft 

0.338  sq  ft 

0.0939  sq  ft 

2.35  sq  ft 

1.382c 

1.399c  . 

0. 314c 

0.  298c 

1.330c 

1.3145 

0.0347c 


0. 0684c 


0.  CK)745 


NOTE:  The  areas  and  quarter  chord  points  of  the  wing  and  tailplane  are 

defined  by  producing  leading  and  trailing  edges  to  the  fuselage 
and  joining  across  fuselage. 
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DUCTS  (Conta.) 


TABLE  I (Contd.) 

Model  Soale  = l/5  Full  Scale 


Direction  of  centre  line  of  duct 


Forward  part 


vertical  plane 
horizontal  plane 


parallel  to  fuselage  datum 
2°  5'  in,  relative  to  centre 
line  of  aircraft 


Rear  part 


in  vertical  plane 
in  horizontal  plane 


6°  2*  down,  relative  to 
fuselage  datum 
6J  40*  out,  relative  to 
centre  line  of  aircraft 


C.G.  POSITION 


Ahead  of  wing  1+Ofe  chord  line 
Above  fuselage  datun- 
Aft  of  L.E.  of  S.M.C. 


0.328  ft  1.64  ft 

0.018  ft  0.092  ft 

0.199c 


POSITION  OF  PITOT  COMB 
Aft  of  fuselage  nose 


7-8  ft 


39.0  ft 


The  positions  A,  B,  C and  D round  the  fuselage  are  shown  in  the  figures. 
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TABLE  II 


1 

2 


3 


Data  used,  in  applying  model  resalts  with  cold  .lets 
to  full  scale.,  conditions 
"(Data  obtained  from  firm) 


Take  off  weight  - 19,930  lb. 

Thrust  at  sea  level 

Speed  (m.p.h.)  150 

200 

300 

400 

600 

Thrust  per  engine  (lb)  58if0 

5720 

5600 

5450 

5420 

Thrust  at  40,000  ft 

Speed  (m.p.h.) 

200 

300 

400 

600 

Thrust  per  engine  (lb) 

1910 

1870 

1820 

1810 

4 Engine  parameters  for  the  Rolls  Royce  Avon. 

Revs  for  maximum  continuous  conditions  - 7,720  r.p.m.  i.e.  sustained 
maximum  thrust. 


N 

VTr 

420 

440 

46O 

480 

500 

520 

530 

MVTt 

pt 

110 

118 

126 

132.5 

137 

138 

136.5 

v/here  N 

tt 

M 

% 


engine  revs. 

total  absolute  temperature  at  intake 
mass  flow  lb/ sec 

total  pressure  at  intake  lb/ sq  in. 


5 Model  Exit  Velocity  Ratios  deduced  from  above  data:- 


^-Trimmed 

Correct  Mass  Flow 

Correct  Exit  Momentum 

Sea  Level 

40,000  ft 

Sea  Level 

40,000  ft 

0.1 

1.00 

1.01 

2.00 

1.33 

0.2 

1.31 

0.99 

2.57 

1.65 

0.3 

1.55 

1.04 

3.00 

1.93 

0.4 

I.76 

1.11 

3-39 

2.18 

0.5 

1.95 

1.17 

3-73 

2.39 

0.6 

2.13 

1.23 

2.59 

i 

i 
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/ 


V0  = 120  ft/sec 

R.N.  = 1.23  x 106 


Condition 


= 2.25 


^Trimmed 


« 80  ft/seo 

= 0.82  x 106 


Condition 


-1.65 

-0.174 

0.5 

-0.012 

2.65  . 

+0.155 

4.8 

0.317 

6.95 

. 0.491 

9.1 

O.656 

11.2 

0.733 

13.2 

O.76I 

^1 .65 

-O.I67 

0.5 

0 

2.65 

+0.168 

4.8 

0.335 

6.95 

0.506 

9.1 

0.669 

11.2 

0.757 

13.25 

0.816 

-0. 023 
+0.140 
0.309 
0.480 
0.639 


Condition 

a 

V0  = 120  ft/ sec 
vexit  = 1>0 

V0 

-1.65 
+0.5 
■ 2.65 
4.8 

6.95 

9.1 

11.2 

13.2 

V0  = 120  ft/ sec 
vexit  _ 2>25 

V0 

-1.65 

+0.5 

2.65 

4.8 

6.95 

9.1 

11.2 

13.25 

V0  = 80  ft/sec 

Vexit  = 1.0 
v0 

0.45 

2.6 

4.75 
6.9 
. 9.0 

VQ  = 80  ft/sec 

Vexit  = 3-4 
•Vo 

! 

0.45 

2.6 

4.75 

6.9 

9.1 

-0.161 

-0.006 

+0.1.53 

O.3O8 

0.474 

O.632 

0.727 

0.769 


°D 


0.0206 
0.0174 
0.0202 
0.0263 
O..Q375 
0.0593 
0. 1 201 
0.1825 


-0.0520 

-0.0544 

-O.0515 

-0.0448 

-0.0327 

-0.0121 

0.0513 

O.IO94 


*0.0183 

-0.0200 

0.0252 

0.0343- 

0.Q5421 


'918 
890 
834 
72  6 
O.I529 


-O.O35I 
-O.OI56 
+0.0062 
0.0254 
0.0449 
0. 0640 
O.OI72 
-O.OO56 


-O.O348 
-0. 01 1 9 


+0.0093 


-0.0144 

+0.0060 

0.0261 

0.0441 

O.O645 


-0.0213 

+O.OO57 

0. 

0. 
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TABLE  V 


Longitudinal,  Stability  with  Tailplane 


Condition 

riT0 

V0  = 120  ft/sec 
vexit  B 1#Q 
Vo  ' 

-1-95 

V0  = 120  ft/sec 

Vexlt  a 2.25 
vo 

_ _ . - 

-1-95 

Vc  = 120  ft/sec 

V®xit  = 1.0 

vo 

-3-95 

' 

VQ  = 120  ft/sec 

Vexit  = 2.25 
vo 

-3-95 

V0  = 80  ft/sec 
vexit  _ 1 .n 

.v0 

-3^95 

] 

V0  = 80  ft/sec 
Vexit  = 3>4 
vo 

-3-95 

i 

i 

1 

-1 .65 
+0.5 
2.65 
4.8 
6.95 
9.1 
11.2 
13.2 


-I.65 
+0.5 
2. 65 
4.8 

6.95 

9.1 

11.2 

13.25 


-I.65 
+0.5 
2.65 
4. 8 
6-95 
9.1 
11 .2 
13.2 


-1.65 

+0.5 

2.65 

4.8 

6.95 

9.1 

11.2 

13.65 


-0.223 
>-0.044 
+0.136 
0.31 8 
O.506 
6.681 
0.784 
O.833 


-0.210 

-6.033 

+O.I45 

0.331 

0.523 

0.694 

0.804 

0.868 


-0.248 

-0.074 

+0.105 

0.279 

O.464 

0.643 

0.752 

0.810 


-0.256 

-O.O65 

+0.114 

0.293 

0-478 

O.663 

O.768 

0.857 


-0.070 

+0.103 

0.282 

O.468 

0.645 


-0.071 

+0.109 

0.295 

0.494 

O.67I 


-O.O484 

-O.0525 

-0.0496 

-0.0426 

-O.0298 

-O.OO74 

+0.0569 

0.1280 


-O.O445 

-0.0497 

-O.O487 

-0.0420 

-0.0306 

-0.0083 

+0.0531 

0.1378 


0.0218 
• 0.0221 
0.0277 
O.O366 
O.O586 


0.01 02 


' 0.0726 
0.0476 
0.0248 
0.0026 
-0.0221 
-0. 0428 
-0.1 185. 
-O.1638 


0.1476 

0.1157 

0.0912 

0.0679 

0.0444 

0.0188 

-0.0700 

-0.1214 


0.1037 
0.0811 
0.0613 
0.0392 
-O.O458 
-0.1197  i 


0.1168 

O.O896 

0.0699 

O.O484 

0.0177 


— 

■0.1930 

i 

0.1371  j 

•0.1 875 

0.1116 

O.I838 

0.0945 

0.1728 

0.0766 

0.1551 

0.0623  ; 
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TABLE  VI 


Thrust  Contribution  to  Lift  and  Bitching  Moment 


^exit/Vo  = 2.25 

Vexit/V0  =3.4 

a0 

acl 

ACm 

aP 

acl 

ACm 

-1.65 
+0.5 
2.65 
4'.  8 

6.95 
■ 9.1 

11.2 
13.25 

O.OO3 
0.006 
0.009 
0.01 2 
0.015 
0.018 
0.021 
0.023 

0.0054 

0.45 

2i6 

4.75 

6.9 

9.1 

0.018 

0.026 

0.034 

0.043 

0^051 

0.0156 

TABES  VII 

Flow  Contribution  to,  lift  gad  Pitching  Moment  without  Tailplane 
Thrust  Moment  Removed 


(Relative  to  ^e3dt/V0  = 1.0) 


A(Vexit/V0) 

a° 

' 

acl 

acl 

ACijj 

A(vexit/V0) 

A(Vexit/V0) 

-1 .65 

Of  004 

0.0057 

0.003 

0,0046 

+0.5 

0.004 

0,0091 

0,003 

0.0073 

2.65 

0.003 

0.C085 

0,002 

' 0,0068 

i PR 

4-8 

0.004 

0,0095 

0.003 

0,0076 

6-95 

-0.002 

0.0102 

-0.002 

O'.  0082 

9.1 

-0.006 

0.0101 

-0,005 

0.0081 

11.2 

0 

0,0130 

0 

0.0104 

13.25 

+0.021 

0.0133 

+0.017 

O.OIO6 

0.45 

-0,005 

0,0087 

-0.002 

O.OO36  ' 

2.6 

-0.009 

0,0153 

‘•0#002j- 

O.OO64 

2.4 

4-75 

-0.007 

0.0200 

-0.003 

0.0083 

6.9 

-0.006 

0.0201 

-0.003 

0.0084 

9.1 

-0.003 

0.0201 

-0.001 

'0.0084 

TABES  VIII 


Tailplane  Contribution  to  Pitching  Moment 
(given  relative  to  ^exit/VQ  = 1 ,o) 


7exit/v0  = 

2.25 

7exit/V0  = 

3.4 

hT  = - 

■1.95° 

i hf  = - 

•3- 95° 

0 

■nT  = -3.95°  | 

“° 

ACVZ* 

j AQn 

AQn/Z 

cr 

A^n 

ACfo/Z'  I 

-I.65 

0.0027 

0.0010 

! 0.0047 

0.0017  ■ 

| 

0.5 

0.0060 

0. 0021 

1 0.0072 

0.0026 

0.45 

0.0272 

0.0033 

.2.65 

O.OO69 

0.0025 

1 0.0094 

0.0033 

2.6 

0.0223 

0.0027 

4.8 

0.0087 

0.0031 

1 0.0091 

0.0032 

4-75 

0.0202 

0.0025 

6.95 

0.0089 

0.0032 

j 0.0121 

0.0043 

6.9 

0.0237 

0.0029  ! 

9.1 

0.0157 

0.0056 

1 0.0157 

O.OO56 

9.1 

0.041 8 

0.0051  | 

11.2 

0.0203 

0.0072 

: 0.0166 

0.0059 

: 

13.25 

— 

0.0221 

0.0079 

' 

where  Z*  = tie  momentum  factor  ' — ( - ~ 1 

vo  \ vo 
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TABLE  IX 


Experimental  Results  and  Estimates  of  the  Jet  Effects,  on  Lift  and 
Pitching  Moment  for  Maximum  Steady  Thrust  at  Sea  Level  and  40.000  ft 


(All  the  effects  are  given  relative  to  the  values  of  Cl  and  "with 

Vexit  ^ \ 

V0 


(a)  Effects  of  the  jets  on  'and  at  constant  incidence  and 

tailsetting. 


Trimmed* 

°L. 

E'rom  flow  through  ducts 

Prom  tailplane 

Prom  thrust 

acl 

Exper.  and 
Estimate 

Exper. 

Estimate 

Exper. 

Estimate 

Exper. 

Estimate 

O 

O 

0.1 

0 

0 

0 

0 

O.OO46 

'• 

0.0057 

0.006 

-0.0038 

s 

0.2 

-0.001 

0.001 

0.0020 

0 

0.0109 

0.01 35 

0.014 

-0.0077 

0.3 

-0.001 

0.002 

0.0038 

0.0004 

0.0177 

0.0209 

0.024 

-0.0115 

0.4 

-0.002 

0.003 

0.0055 

0.0011 

0.0254 

0.0281 

0.037 

-0.0155 

0.5 

0.00h 

0.0019 

0.0351 

0.050 

-0.0195 

0.6 

0.006 

0.0031 

0.0424 

0.067 

-0.0235 

0.1 

0 

0 

0 

0 

0.0008 

0.0010 

0.001 

-0.0008 

0.2 

0 

0 

0 

0 

0.0027 

0.0037 

0.004 

-0.0020 

8 

0-3 

0 

0 

0.0003 

0 

0.0052 

0.0071 

0.007 

-0.0034 

O 

O.if 

o 

0. 

0.0008 

0.0002 

0.0086 

0.0108 

0.012 

-0.0049 

o 

0.5 

0 

0.001 

0.0013 

0.0004 

0.0122 

0.0145 

0.017 

-0.0063 

0.6 

0 

0.001 

0.0019 

0.0008 



O.OI67 

0.0180 

0.024 

-0.0079 

(b)  Overall  effect  of  the  jet  flow  on  C^,  at  various  trimmed  Cl's 

(including  effects  of  change  of  incidence  between  — = 1.0  and  with 

thrust)  V0 


Trimmed 

Sea  Level 

40,000  ft 

Exper. 

Estimate 

Exper. 

Estimate 

0.1 

0.0016 

O.OO27 

0.0002 

0.0004 

0.2 

0.0071 

0.0079 

0.0013 

0.0023 

0.3 

0.0135 

0.0137 

0.0031 

0.0047 

0.4 

0. 0209 

0.0197 

0.0061 

0.0079 

0.5 

0.0258 

0.0098 

0.01-16 

0.6 

0.0335 

0.0146 

0.0149 

*The  incidences  considered  are  those  corresponding  to  the  trimmed 
with  thrust. 
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TABLE  X 

Directional  Stability  without  Tailplane 
(Original  Jet  Exit  Fillet.  VQ  = 120  ft/sec) 


i 

Condition  j cr 

i 

Trimmed 

- - 

P° 

1^Cn 

105Cl 

vexit  _ 1#0  j 2.05 

0.105 

0 

0 

0 

i 

! 

. Td  ' ! 

5 

-6.3 

-11.2 

I 

i 

10 

-12.5 

-2 4-3 

vexit  = 2.25  ! 2<05 

0 

0 

0 

. 

Vo  j 

5 

-7.1 

-14.7 

i 

: 

10 

—13  - 5 

-31 .4 

1 

TABLE  XI 


Lateral  and  Directional  Stability  without  Tailplane 
(Modified  Jet  Exit  Fillet.  V0  = 120  ft/sec) 


Condition 

a0 

Trimmed 

cL 

5° 

I 

! 1o3°n 

10V 

io3cl 

vex.it  = i.n 

2.05 

0.11 

0 

1 

1 0 

0 

0 

Vo 

2.5 

1 -3-4 

-4.9 

-0.5 

5- 

i -6.8 

-10.7 

-1.1 

10 

i -12.7 

-23.3 

-2.3 

Vexit  _ 2.25 

2.05 

0 

; 0 

0 

Vo 

2.5 

■ -3.9 

-6.9 

5 

j -7.8 

-13.2 

10 

-29.3 

Vexit  _ 1#0 

7*6 

0.535 

0 

j 0 

0 

0 

vo 

• 

2.5 

i -3*4 

-4.7 

-1.7 

5 

! -6.6 

-10.6 

-3.4 

10 

| -12.6 

-24.0 

-5-1 

'''exit  _ 2.25 

7-6 

0 

1 0 

0 

v0 

2.5 

! -4.0 

-6.4 

5 

| -7-7 

-13.0 

10 

1 -14.4 

-29.4 

ORIGINAL  . \ / 

fillet. 


FT  FULL  SCALE 


— OfclQINAL 

- Ist-  MODIFICATION 


0 12  3 4 
INS.  MODEL  SCALE. 


FIG. 3.  JET  EXIT  FILLETS,  CROSS  SECTIONS 


‘ 278768. 


IN.  AERO  2211 

FIG.  4. 


INS.  FROM  FUSELAGE  SURFACE. 


FIG.  4.  VELOCITY  TRAVERSE  BEHIND  THE 
ORIGINAL  & MODIFIED  JET  EXIT 
FILLETS  AT  ZERO  TUNNEL  SPEED, 
EXIT  VELOCITY- aiOFT/SEC. 


278  71 S 


' TN.  A€(5022/I 

fig.5  j 


INS  FULL  SCALE  NUM6E8S  ON  FIGURE  GIVE -LOCAL  VELOCITY 

0*5  10  Aft  A FRACTION  OP  MAX.  VELOCITY. 

•> “t 

0 I z 
INS.  MOOEL  SCALE. 


FIG.  5.  VELOCITY  DISTRIBUTION  BEHIND 
THE  MODIFIED  JET  EXIT  FILLETS  AT 
ZERO  TUNNEL  SPEED -EXIT  VELOCITY- 210  FTlSEC 


27877  S- 

TN.  AERO  22||, 

FIG.  6 


ins.  Full  scale. 

0 s lo 

1  — t— 1 

o 12 
ins.  model  Scale. 


NUMBERS  ON  FIGURE  GIVE  LOCAL  INCIDENCE  OF  BODY  DATUM*  0'05° 

VELOCITY  AS  A FRACTION  OF  JET  l&  6#4o'oUT'|  RELATIVE  To 

FREE  STREAM  VELOCITY  6*  Z'  DOWN  J THE  BODY  DATUM. 


FIG.  6.  VELOCITY  DISTRIBUTION  BEHIND 
THE  MODIFIED  JET  EXIT  FILLETS. 

FT/«C-  ~\h  * ,<7®  2-06  ("TRIMMED)  « 0*11. 

IS  » o* 


Wl3.-4  (X) 

Y. 

V*  80  FT/ SEC. 


CHANGE  OFACm  DUE  Tb  .TAILPLANE  . 


TN.A&30E2II. 

FIG.  9 &IO. 


27660  9, 


FIG.  9.  EFFECT  OF  FLOW  ON  PITCHING  MOMENT 
OF  MODEL  WITHOUT  TAILPLANE. 

(PITCHING  MOMENTS  ABE  GIVEN  RELATIVE  TO  $T*  l-o) 


FIG.  lO.  EFFECT  OF  FLOW  ON  TAILPLANE 

CONTRIBUTION  TO  PITCHING  MOMENT 
(pitching  moments  are  given  relative  TO  l-o) 
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£78615, 


r 


f! 
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TN.  A6R022H 

FIG.  11,12  & 13. 
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FIG.  II.  EFFECT  OF  INCIDENCE  ON  THE  CHANGE 
IN  Cm  DUE  TO  FLOW,  NO  TAILPLANE. 


FIG.  12.  EFFECT  OF  INCIDENCE  ON  THE  CHANGE 
IN  A Cm  TAILPLANE  DUE  TO  FLOW. 
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FIG.  13.  EFFECT  OF  INCIDENCE  ON  THE  CHANGE 
IN  ACl  DUE  TO  FLOW,  NO  TAILPLANE. 
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FIG.  14 


FIG.  (4.  OVERALL  EFFECT  OF  JET  FLOW  ON 
PITCHING ' MOMENT  GIVEN  RELATIVE  TO  ^ 1-0 
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